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Abstract 

An intrinsic parity violating hadronic tau lepton decay is investigated, r —>• Tcicgv is the process in 
which the dominant contribution to the amplitude is due to the intrinsic parity violation. To predict 
the hadronic invariant mass spectra and to compare them with experimental data, we extend the 
chiral Lagrangian with vector mesons so that it incorporates the intrinsic parity violating terms 
and 4> and rf mesons. The coefficients of the intrinsic parity violating terms will be determined by 
fitting the branching fractions for V 1 —> Py, V 1 —» 3 P and P —>• V Ir y where V 1 denotes vector 
mesons 1” and P denotes pseudo-scalar mesons 0”. 
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I. INTRODUCTION 


Hadronic tau decays are important because the precise predictions for the process lead to 
the understanding QCD of energy range from 1 (GeV) up to 2 (GeV). In this energy region, 
there are many resonances and the description of the chiral perturbation including only SU(3) 
octet pseudo-scalar mesons is not sufficient. Since there are many resonances, perturbative 
QCD is not applicable. Though there are also many resonance models with which the 
hadronic form factors are computed, the theoretical framework which can be systematically 
improved has been waited for. Incorporating light SU (3) octet vector mesons, a framework 
which enables us to compute the quantum corrections of pseudo Nambu-Goldstone bosons in 
a systematic way, has been proposed [l]. In the previous work [lj], r —> Ktcu decay is studied 
and the vector and scalar form factors are computed. As for the vector mesons, K* meson 
contributes to the form factors. The aim of our study is to extend the Lagrangian including 
intrinsic parity violation. In the hadronic tau decay including more than two pseudo-scalars 
as final states of hadrons, the intrinsic parity violation is very important Q. For instance, 
in the hadronic tau decays with final states of odd number of pseudo-scalars plus a neutrino, 
the vector current contribution is intrinsic parity violating while in the process with the final 
states with even number of pseudo-scalars plus a neutrino, the axial current contribution is 
intrinsic parity violating. 

II. T —>• 7T TT^TjU 

In the decay r~ —> 7r _ 7r°7i7 the intrinsic parity violating contribution is dominant con¬ 
tribution, because intrinsic parity conserving contribution arises as axial current contri¬ 
bution and it is suppressed due to G parity. The matrix elements of vector form factor 
('K O 'K~rj\d'y fl u\0) is intrinsic parity violating. Wess Zumino term jsj] which represents chiral 
anomaly contributes to the matrix element. However, the other intrinsic parity violating 
terms which include the vector mesons also contribute to the process. As one can see from the 
Feynman diagrams shown in Fig.l, there are many intrinsic parity violating vertices which 
contribute to the decay. They are V — * ir~n°r], V —* pi) and V —> pn where we denote V as 
weak gauge boson. These vertices are related to 7* — > 3 P, V 1 — > P 7, where we denote V 1 
as vector mesons and P as pseudo-scalars. One also has vertices like p~ —> p~i), p~ —* p~ 7r° 
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FIG. 1: The Feynman diagrams which contribute to the vector form factor of r —> it -K^pu. V 
denote the external vector current part of V — A charged current, V tJ = dp^u. 

p~ —> 7r~7r°p and they are related to the processes like V 1 —* V J P and V 1 —* 3 P. 

III. CHIRAL LAGRANGIAN WITH VECTOR MESONS WITH INTRINSIC 
PARITY VIOLATION 

Our aim is to extend the chiral Lagrangian and include the intrinsic parity violating 
terms. The intrinsic parity violating terms besides Wess Zumino term can be written as 
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follows. 


A = ie^ pa Tr[a Lfl a Lu a Lp a Ra - (R L)], (1) 

£ 2 = ’i^ UPa ^[oiL f iOlR v OiLpOiR 0 ], ( 2 ) 

£3 = -le^Tr[F v ^{a Lp a Ra - (P O £)}], (3) 

£ 4 = e^Tr[(F L + F K ){a Lp , ««.}], (4) 

£ 5 = - (R £)], (5) 

£ g = (6) 

A = Je^F% v n pa . (7) 


In Eq. ([T])-Eq.(JT]) , 07, and a/? include pseudo-scalar octet. F LfJl/ and Fr ijv are field strength 
for gauge bosons. F V/JV is a field strength of SU( 3 ) octet vector mesons. F® v denotes the 
field strength of SU( 3 ) singlet vector meson </>°. Neutral components of octet and singlet 
vector mesons form p, <f> and u mesons through their mixing. The Lagrangian of intrinsic 
parity violating terms is given as, 


£=y: cupyCj. (s) 

i= 1 

£1 2,3 given in Eqs.flUE]) are introduced in Refs. [ 4 ] j|J. We newly consider the operator 
in Eqs.dMZD- I 11 Eqs.([T]| 7 j), we also required that the operators should be Hermite. The 
Lagrangian is invariant under chiral SU( 3 ) x SU( 3 ). The coefficients can be constrained 
using V 1 —> P 7, P —> 77 and V 1 —> 3 P. Once the coefficients are fixed, one can apply 


it to the form factor calcu 
distributions for the decay 


ation of r decay. Alternatively, one can use the experimental 
6] to determine the coefficients. 


IV. THE VECTOR MESON PROPAGATOR AND A CONSISTENT TREAT¬ 
MENT OF VECTOR MESONS AND 7 MIXING IN V 1 -> P 1 -/ AMPLITUDE 

As shown in Fig.l, p~ meson contributes to the process. In the distribution with respect 
to invariant mass such as m^-^o and m t -„ p~ should show up as the resonance. In our 
framework, the p~ meson propagator is obtained by calculating one-loop corrections to the 
self energy of the vector mesons due to pseudo-scalars. I11 the process V 1 —» in Fig. 2 , the 

left panel does not include the vector meson propagator. In the diagram of the right panel, 
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FIG. 2: The Feynman diagrams for V 1 —>■ decay. The diagram of the right includes interme¬ 

diate vector meson propagator. 

the neutral vector meson propagator is included. The neutral vector mesons correspond 
to p°, u and <f> and they mix with photon in the final states. Precision of the calculation 
requires us to use one -loop corrected vector meson propagator as in the case of the vector 
form factor of tau decay. The naive use of the one loop corrected propagator in V 1 2 3 4 5 6 —y 
decay leads to the result which depends on the propagators of intermediate vector mesons 
denoted by V J in Fig.2, 

£V j (?7 = 0)> (9) 

where g 7 is a four momentum of the photon, = 0 implies the vector mesons V J mix 
with on-shell photon = 0). To be consistent, one must use the one-loop corrected 7 and 
vector mesons’ mixing. By using it, one can show the amplitude does not depend on the 
propagator of the intermediate vector meson at all. 
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